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ABSTRACT 


In  response  to  requests  from  Military  Airlift  Command  Headquarters, 
results  of  a  field  Investigation  of  the  POL  pier  structure  at  Lajes  Field 
Azores  are  reported.  An  engineering  analysis  is  generated  to  support 
modification  and  protection  recommendations  Including  repair  of  fender 
system,  construction  of  additional  mooring  dolphins,  or  installation  of 
a  "single  buoy  mooring  system. 
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EXECUTIVE  SUMMARY 


This  report  is  in  response  to  the  tasking  of  the  Military  Airlift  Command 
Headquarters  (MACHQ)  for  engineering  assistance  to  the  Civil  Engineering 
Squadron  (CES)  on  the  POL  pier  at  Lajes  Field,  Terceira  Island,  Azores. 

The  task  includes: 

•  A  field  Investigation  of  the  POL  pier  structure, 

•  A  technical  evaluation  and  analysis  of  the  existing 
situation, 

•  A  report  of  recommendations  for  modification  of  the 
existing  POL  pier  structure  to  accommodate  up  to 
40,000  DWT  cankers. 

LT  J.C.  Wright  and  Dr.  C.  Chern  of  the  Ocean  Engineering  and  Construction 
Project  Office  (CODE  FPO-1) ,  Chesapeake  Division,  Naval  Facilities  Engi¬ 
neering  Command  (CHESNAVFACENGCOM) ,  carried  out  the  field  investigation 
between  31  January  to  3  February  1978.  A  briefing  of  the  results  of  the 
field  investigation  was  given  at  the  Command  level  on  3  February  1978  at 
Lajes  Field.  The  findings  on  the  POL  pier  structure  were: 

•  The  original  fender  system  has  deteriorated  due  to 
operational  damage  and  biological  attack.  Repair 
and  maintenance  has  been  carried  out  frequently  and 
at  considerable  cost. 

•  The  spalling  concrete  around  the  pile  caps  and  cracks 
along  the  center  line  of  the  concrete  deck  at  the  south 
bent  of  the  POL  loading  platform  were  caused  by  forces 
in  excess  of  the  strength  of  the  structural  components. 

A  new  fender  system  was  proposed  with  the  objective  of  transferring  the 
berthing  energy  and  the  impact  force  from  the  mooring  ships  to  the  loading 
platform.  The  fender  system  will  consist  of  wooden  fender  piles,  continuous 
inner  wales  and  chocks,  fender  boards  and  cylindrical  rubber  cushions.  The 
system  will  be  fixed  at  the  bottom  to  the  seafloor  and  at  the  top  to  the 
loading  platform. 

The  theoretical  analysis  of  the  ultimate  strength  of  the  existing  POL 
loading  platform  structure  was  performed.  The  results  of  the  analysis 
jrevealed  that: 

•  The  platform  structure  does  not  possess  sufficient 
lateral  load  resistance  capacity  to  berth  40,000  DWT 
tankers  under  normal  operating  conditions. 
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•  The  pile  cap  pull-out  nechanlsm  Is  the  first  stage 
failure  mechanism  of  the  platform  structure  under  a 
lateral  force  at  the  concrete  deck  level.  The  pile 
cap  pull-out  mechanism  will  not  of  Itself  cause  the 
structure  to  collapse,  but  will  induce  a  subsequent 
failure  mechanism  to  the  structure. 

•  The  tensile  yielding  of  the  top  reinforcing  bars  of 

the  effective  concrete  T-beam  section  will  occur  following 
the  pile  cap  pull-out  action.  The  continuous  yielding  of 
the  top  reinforcing  bars  is  the  second  stage  failure 
mechanism  of  the  structure.  It  will  cause  the  concrete 
deck  to  crack  along  the  center  line  of  the  platform  and 
eventually  Induce  the  collapse  of  the  structure.  The 
lateral  force  which  causes  the  tensile  yielding  of  the 
concrete  T-beam  is  thus  the  ultimate  strength  of  the 
structure. 

In  view  of  the  structural  strength  of  the  existing  loading  platform  in 
conjunction  with  the  persisting  sediment  accumulation  in  the  Praia  Bay 
harbor,  two  alternative  approaches  are  discussed.  One  of  the  alternatives 
is  the  loading  dolphin  system  which  will  require  the  construction  of  three 
dolphins  to  divert  the  ship  impact  loads  from  the  pier  structure.  This 
plan  will,  however,  inherit  the  harbor  silting  problem  as  it  has  been. 

The  other  alternative  is  the  installation  of  a  single  buoy  mooring  (SBM) 
system  outside  the  breakwater.  The  SBM  system  will  consist  of  a  circular 
buoy,  submarine  pipe  line,  underbuoy  and  floating  hoses.  The  advantages 
of  this  system  are: 

•  A  deep  sea  terminal  for  many  sizes  of  tankers 

•  A  flexible  system  which  can  be  quickly  removed  and 
relocated 

•  Reduces  or  eliminates  the  harbor  entry  pilotage  and  tug 
assistance  costs 

•  Eliminates  the  dredging  Inside  the  existing  harbor. 

Finally,  the  following  actions  are  recommended: 

(a)  Fender  System 

•  Detailed  design  of  the  new  fender  system  should  be  initiated. 
The  system  shall  be  designed  for  T-2  class  vessels. 

(b)  Loading  Platform  Structure 

•  Epoxy  injection  or  cement  grouting  to  the  concrete 
spalling  around  the  pile  caps  and  cracks  in  the  concrete 
deck  should  be  performed 
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A  feasibility  study  should  be  Initiated  to  consider 
the  future  operational  and  economical  requirements  of 
the  POL  system.  The  study  shall  include,  but  not  be 
limited  to  the  following  approaches; 

— ^modification  of  the  existing  loading  platform  structure 
— construction  of  a  loading  dolphin  system 
— Installation  of  a  SBM  system 
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CHAPTER  1 .  INTRODUCTION 


1.1  General  Statement 

The  POL  Pier  Structure  described  hereinafter  was  constructed  in  early  1963 
on  the  northern  edge  of  the  Praia  Bay,  Terceira  Island,  Azores,  Portugal. 
Praia  Bay  is  located  in  the  eastern  seaward  side  of  the  island  as  shown  in 
figure  1-1.  The  bay  is  a  crescent  shape  surrounded  by  a  clean  sand  beach 
along  its  shore  line.  A  breakwater  extending  southward  was  also  constructed 
on  the  eastern  side  of  the  pier  to  protect  the  POL  facilities  from  direct 
exposure  to  the  open  sea.  Figure  1-2  is  the  bird's-eye  view  of  the  existing 
POL  pier.  The  loading  platform,  shown  In  the  center  portion  of  the  pier, 
is  200  feet  long  by  AO  feet  wide  supported  by  16"  diameter  steel  pilings. 

The  main  function  of  the  pier  is  to  transfer  JP-A  and  diesel  fuel. 

According  to  the  documented  records,  the  pier  has  deteriorated  since  its 
original  construction  (see  Appendix  A  of  this  report).  The  deterioration 
of  the  pier  resulted  in  the  spalling  of  the  concrete  around  the  pile  caps 
and  cracking  of  the  concrete  deck  of  the  loading  platform.  Figures  1-3 
to  1-5  illustrate  typical  damages  of  the  pier  structural  components. 

Deterioration  of  the  pier  also  includes  general  biological  attack  and 
operational  damage  to  the  protective  fender  system.  Figures  1-6  and  1-7 
show  conditions  of  the  fender  system  in  1973  and  late  1977,  respectively. 

A  substantial  Improvement  in  the  appearance  of  the  fender  system  has  been 
achieved.  However,  repair  and  maintenance  of  the  fender  system  bas  become 
a  continuous  requirement. 

Compounded  by  the  high  maintenance  costs,  inordinate  consumption  of  man¬ 
power  at  the  Civil  Engineering  Squadron  (CES)  and  the  possibility  of  major 
damage  occurring  to  the  pier  structure  or  to  ships,  the  Commanding  General 
at  Lajes  Field  requested  the  Military  Airlift  Command  Headquarters  (MACHQ) 
for  engineering  assistance. 

1.2  Tasking 

The  Ocean  Engineering  and  Construction  Project  Office  (Code  FPO-1) , 
'Chesapeake  Division,  Naval  Facilities  Engineering  Command  (CHESNAVFACENGCOM) 
%fas  tasked  by  MACHQ  to  carry  out  the  engineering  assistance  to  the  CES  at 
Lajes  Field.  The  missions  of  the  tasking  were  as  follows: 


Figure  I'l  Tercecra  Island,  Azores 


Figure  1-2  Existing  ’’OL  Pier 
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1-3  Cracks  in 


South  End  of  Loading  Platform 


#  M 


Figure  1-5  Concrete  Spalling  at  Pile  Cap  and  Cracks 
Frame  Beam 


•  An  on-slte  visit  by  a  marine  structural  engineer 

•  A  technical  evaluation  and  analysis  of  the  existing 
situation 

a  A  report  of  recommendations  showing  what  structural 
modifications  must  be  made  to  the  pier  in  order  to 
accommodate  POL  and  cargo  ships  of  the  40,000  ton  size. 

The  tasking  message  and  the  financial  support  Information  to  this  mission 
are  Included  in  Appendix  A  of  this  report. 

1.3  Field  Investigation 

In  responding  to  the  MACHQ  tasking,  an  FPO-1  engineering  team,  consisting 
of  LT  J.C.  Wright  and  Dr.  C.  Chern,  visited  the  POL  pier  site  during  the 
period  of  January  31  to  February  3,  1978.  The  objectives  of  the  team 
visit  were  to: 

a  obtain  design  and  operational  data  of  the  pier  structure; 

a  inspect  the  damages  of  the  structural  components; 

a  Inspect  the  existing  fendering  system;  and 

a  diving  Inspection  of  the  pilings. 

The  list  of  the  pier  structure  drawings  is  shown  in  Appendix  B  of  this 
report . 

1.4  Findings  and  Possible  Solutions 

The  findings  of  the  POL  pier  inspection  are  as  follows; 

(a)  Spalling  of  the  pile  caps  and  cracking  of  the  concrete  deck 
on  the  south  bent  of  the  loading  platform  were  due  to  lateral  loads 
applied  in  excess  of  the  component  strengths. 

(b)  Original  fender  system  has  deteriorated.  The  pile  components 
are  replaced  at  highly  uneconomical  frequencies. 

(c)  The  POL  pier  appears  to  be  an  excellent  vertical  load  carrying 
structure,  similar  in  design  to  a  bridge.  However,  the  pier  does  not 
possess  sufficient  bracing  to  resist  lateral  load  induced  by  ship  berthing 
motion. 

The  possible  solution  to  item  (a)  above  is  to  apply  cement  or  epoxy  grouting 
to  the  cracks.  Pressure  grouting  will  not  increase  the  strength  of  the 
structure  but  will  protect  the  exposed  reinforcing  bars  and  the  steel  pile 
surfaces  from  environmental  corrosion. 
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A  new  fender  system  consisted  of  fender  piles  with  cylindrical  rubber 
fenders  is  suggested  for  the  possible  solution  to  item  (b)  above.  It 
is  noted  that  the  principle  function  of  the  fender  system  is  to  prevent 
minor  Impact  and  heaving  abrasion  damage  to  the  ship  and/or  the  pier 
during  mooring.  The  fender  system  will  be  designed  only  to  transfer  the 
forces  from  the  berthing  ship  to  the  pier  structure.  Hence,  the  new  fender 
system  will  not  reinforce  or  Increase  the  strength  of  the  pier. 

The  possible  solutions  to  item  (c)  above  constitute  the  major  portion  of 
this  report.  The  suggested  plans  are: 

•  Loading  Dolphin  Approach  -  The  plan  calls  for  the  construction 
of  three  loading  dolphins  in  front  of  the  loading  platform  to 
resist  the  Impact  force  from  berthing  ships.  Thus,  the 

pier  structure  will  be  free  from  direct  Impact  of  larger 
size  ships. 

•  SBM  System  Approach  -  The  plan  calls  for  the  installation 
of  a  single  buoy  mooring  (SBM)  system  outside  the  break¬ 
water.  The  ships  will  moor  to  the  SBM  and  then  transfer 
the  liquid  fuel  shoreward  through  submarine  pipe  lines. 

In  this  system,  the  oil  tanker  will  not  use  the  existing 
POL  pier. 

The  briefing  at  the  Command  level  at  Lajes  Field  following  the  investigation 
Is  documented  in  Appendix  C  of  this  report. 


CHAPTER  2.  EXISTING  POL  PIER  AND  ENVIRONMENT 


2.1  Introduction 


The  POL  pier  consists  of  a  loading  platform,  four  mooring  dolphins,  traffic 
bridges,  and  walkways.  Figure  2-1  illustrates  the  general  arrangement  of 
the  pier  system.  The  bridges  to  the  north  of  the  loading  platform  are  12 
feet  wide  and  are  designed  for  HS20-44  truck  loading  in  accordance  with 
AASHO  specification  (See  Appendix  B.l  File  No.  7571-5782  of  this  report). 

The  walkways  to  the  south  of  the  loading  platform  are  5  feet  wide  and 
are  designed  to  carry  100  psf  uniform  live  loads.  The  supports  to  the 
bridges  and  walkways  are  all  12  3/4*'  0  x  1/2"  WT  steel  piles  penetrating 
approximately  40  feet  into  the  seafloor. 

Mooring  dolphin  No.  1  is  supported  by  a  steel  sheet  piling  cofferdam  with 
stone  backfill  and  mooring  dolphins  Nos.  2  to  4  and  the  loading  platform 
are  supported  by  a  series  of  16"  0  x  1/2"  WT  steel  pipe  pilings.  Both 
the  dolphins  and  loading  platform  are  designed  for  T-2  class  tanker  moorings 
at  65  MPH  wind  conditions. 

Fixed  wooden  pile  fender  systems  are  attached  to  the  loading  platform  and 
mooring  dolphin  No.  4.  The  original  fender  system  has  deteriorated  and 
the  replacement  of  wood  fender  pilings  has  become  a  continuous  operation. 

2.2  Subsea  Soil  Data 


Subsea  soil  data  in  the  vicinity  of  the  POL  pier  site  are  available 
(See  Appendix  B.l,  File  Nd .  7571-5783  of  this  report).  Figures  2-2  to 
2-4  depict  the  boring  logs  of  sites  Nos.  T-3,  T-5  and  T-8.  The  approximate 
locations  of  the  boring  sites  Nos.  T-3,  T-5  and  T-8  are  shown  in  figure  2-1. 

The  seafloor  materials  in  the  vicinity  of  the  pier  site  are  composed  of 
a  black  volcanic  sand  with  a  high  shell  content  which  gives  it  a  "salt  and 
pepper"  appearance.  Based  on  the  results  of  mechanical  analyses  of  samples 
taken  from  boring  sites,  the  materials  along  the  shore  and  immediate  off¬ 
shore  area  generally  consist  of  a  well-sorted  sand  with  the  mediam  diameter 
grain  size  falling  predominantly  in  the  range  of  fine  sand. 

The  sand  layer  is  approximately  40  feet  deep.  Hard  basalt  lies  thereunder. 

2.3  POL  Pier  Structural  Component  Strength 

The  loading  platform  is  the  prime  structure  of  the  POL  pier  system.  The 
platform  consists  of  a  concrete  deck  200  feet  long  by  40  feet  wide  supported 
by  a  series  of  16"  0  x  1/2"  WT  steel  pipe  pilings.  The  plem  view  of  the 
.concrete  deck  and  the  cross-section  of  the  platform  are  shown  in  figure  2-5. 
The  wooden  fender  system  is  attached  to  the  shipward  face  of  the  60-foot 
sections  on  both  ends  of  the  concrete  deck. 

The  structural  component  strengths  calculated  in  this  section  are  the 
basic  factors  defining  the  ultimate  strength  of  the  loading  platform  under 
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POL  Pier  General  Arrangement 


lateral  loads  induced  by  berthing  ships.  These  basic  factors  are  the 
pile  cap  pull-out  strength,  pile  foundation  pull-out  strength  and  the 
concrete  deck  T-beam  strength  under  negative  moment. 

2.3.1  Pile  Cap  Pull-Out  Strength 

Figure  2-6a  illustrates  the  pile  cap  pull-out  mechanism.  The  16"  0  pile 
is  embedded  into  the  concrete  beam  a  distance  of  1  foot  6  inches.  The 
equilibrium  condition  is: 

Pu  *  Jt  D*i.*w 


where  Pu  ■  ultimate  pull-out  force,  lbs 
D  ■  pipe  pile  diameter.  Inches 
£  ■  pipe  pile  embedded  length.  Inches 

y  *  bond  stress  between  concrete  and  steel  surface,  psl 

In  the  absence  of  reliable  data  on  the  bond  stress  between  concrete  and 
steel  surfaces,  the  allowable  stress  of  20  psl  with  a  factor  of  safety 
of  2.0  is  used  to  compute  the  value  of  Pu  (See  Reference  4).  Appendix 
D.l  shows  the  detailed  calculation  which  yields  Pu  *  36,000  pounds. 

2.3.2  Pile  Foundation  Pull-Out  Strength 

A  pipe  pile  under  axial  tension  is  illustrated  in  figure  2-6b.  The  ultimate 
pull  out  force  is  computed  by  the  following  expression: 

Qu  •  2f^  (A  A)j^ 

where  Qu  ■  ultimate  pull-out  force,  lbs 

f^  >  unit  skin  friction  between  sand  and  the  pile  steel 
surface  at  depth  1,  psf 

AA^  ~  pile  surface  area  at  depth  i,  sq.  ft. 

Appendix  D.2  shows  the  detailed  calculation  of  the  ultimate  pull-out  force 
Qu.  It  gives 

Qu  ■  62,800  lbs. 

It  is  noted  that  the  pile  foundation  pull-out  strength  is  greater  than 
the  value  of  the  pile  cap  pull-out  strength.  Therefore,  the  pile  will 
'fhil  in  the  pile  cap  location  prior  to  tensile  failure  in  the  foundation. 

2.3.3  T-Beam  Strength  Under  Negative  Moment 


A  typical  deck  beam  cross-section  of  the  loading  platform  is  shown  in 
figure  2- 6c.  The  T-beam  consists  of  a  concrete  deck  13  feet  wide  by 


»  m 


«  « 


•  # 


Coni'f.r 


Structural  Components 


1  foot  thick  as  the  flange  and  a  3  feet  wide  by  3  feet  deep  concrete  pile 
cap  beam  as  the  stem.  The  main  reinforcing  steel  are  5  -  #9  bars  in  the 
top  and  bottom  of  the  beam. 

When  the  T-beam  section  is  subjected  to  a  negative  moment,  the  top  concrete 
fibers  of  the  beam  will  be  under  tension.  If  the  negative  moment  is 
greater  than  a  certain  amount,  that  is,  the  moment  causing  the  fiber 
stress  in  excess  of  the  concrete  tensile  strength,  the  concrete  will 
crack  and  loose  its. load  carrying  capacity.  Under  such  circumstance, 
the  T-beam  section  is  transformed  into  an  effective  cross-section  as 
shown  in  figure  2-6d.  The  ultimate  moment  capacity  of  the  effective 
cross-section  will  be  governed  by  either  the  tensile  yielding  of  the 
top  reinforcing  bars  or  the  compression  failure  of  the  concrete  in  the 
bottom  surface  of  the  beam.  According  to  the  computations  in  Appendix 
D.3  the  ultimate  strength  of  the  T-beam  under  negative  moment  is  governed 
by  the  yielding  of  the  top  bars.  The  moment  value  is  found  to  be 

Mu  ■  424.6  ft-klps 

2.4  Oil  Tanker  Characteristics 

The  length,  beam,  draft,  and  the  capacity  or  tonnage  of  the  oil  tankers 
that  will  use  the  off-loading  facilities  will  have  a  direct  bearing  on 
the  design  of  the  approach  channel,  the  pier  or  the  offshore  terminal. 

These  characteristics  are  shown  in  Tables  2-1  and  2-2,  for  U.S.  Navy 
oilers  and  representative  commercial  oil  tankers. 

Additional  ship  characteristics  of  the  U.S.  Navy  oilers  such  as  wind 
force  and  moment  can  be  referred  to  In  reference  11. 

2 . 5  Environment 


The  environmental  factors  of  winds,  waves,  tides  and  currents  can  be 
found  in  reference  8  and  file  Nos.  7571-5785  to  7571-5791  shown  in 
i4)pendix  B.  The  following  abstracts  are  from  these  references. 

2.5.1  Winds 

The  prevailing  winds  are  southwesterly  and  northwesterly.  Those  of  greatest 
velocity  approach  Terceira  Island  from  the  Southwest.  Winds  from  the  north¬ 
east  through  southeast  create  waves  which  enter  Praia  Bay  and  find  their 
way  to  the  beach.  Hurricane  winds  have  been  observed  with  a  maximum  velocity 
of  80  MPH  for  a  duration  of  2  hours.  Gusts  have  been  recorded  as  high  as 
86  MPH. 


2.5.2  Waves 
•  • 

Waves  from  the  easterly  direction,  to  which  Praia  Bay  is  exposed,  seldom 
exceed  8  feet,  and  in  most  instances  average  3  feet  or  less  in  height. 
During  storms,  however,  the  greatest  waves  come  from  the  southeast  and 
are  generated  by  storms  from  the  south.  Waves  of  18  feet  in  height  with 
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Table  2-1  Characteristics  of  United  States  Navy  Oilers  (From  Reference  9) 
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Table  2-2  Characteristic  a  of  Commercial  Tankers  (Data  from 


the  period  of  9  to  11  seconds  were  recorded  during  winter  of  1955  at  the 
old  breakwater  in  Praia  Bay.  The  duration  of  these  18-foot  waves  was 
approximately  12  hours.  Information  on  storm  waves  Indicates  that  wave 
heights  at  the  new  breakwater  during  the  storm  of  December  1962  were 
estimated  to  have  reached  a  maximum  of  25  feet.  The  wind  velocity  during 
this  storm  was  of  25  to  40  knots  east  winds. 

2.5.3  Tides 

Tides  in  Praia  Bay  are  semidiurnal  with  a  mean  range  of  3.7  feet,  and  a 
spring  range  of  4.9  feet.  Highest  high  water  is  5.0  feet  above  mean  low 
water  and  lowest  low  water  is  1.7  feet  below  mean  low  water. 

Strong  east  winds  tend  to  Increase  the  tidal  height  in  Praia  Bay,  while 
strong  west  winds  will  tend  to  reduce  it.  Information  on  the  frequency 
and  amplitude  of  storm  tides  are  not  available. 

2.5.4  Currents 

Current  measurements  were  performed  inside  Praia  Bay.  The  results 
indicate  that  there  is  a  clockwise  rotation  of  water  in  the  northern 
section  of  the  bay.  The  currents  are  relatively  constant  with  depth 
and  no  appreciable  change  in  direction  with  depth.  Current  velocities 
Inside  the  bay  vary  from  0.00  to  0.80  knots  with  the  maximum  velocity 
to  the  southeast  end  of  the  bay. 

2.6  Harbor  Soundings 

The  harbor  soundings  in  the  vicinity  of  the  POL  pier  are  shown  in  figures 
2-7  and  2-8  which  were  surveyed  in  1970  and  1977,  respectively.  A  direct 
comparison  of  the  seafloor  elevation  at  a  specific  location  can  not  be 
obtained  from  these  two  sounding  diagrams.  However,  an  approximate  300 
feet  wide  by  35  feet  deep  approach  channel  to  the  POL  pier  appears  to 
be  properly  maintained  throughout  this  period. 
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CHAPTER  3.  FENDER  SYS TO! 


3.1  Introduction 


The  new  fender  system  proposed  in  this  section  will  be  attached  to  the 
shlpward  sic  a  of  the  two  -  60  foot  sections  of  the  loading  platform. 

Th,e  system  In  each  side  of  the  platform  will  consist  of  a  group  of 
twelve  vertical  wood  pilings,  two  continuous  horizontal  wales  with 
chocks,  two  fender  boards  and  two  cylindrical  rubber  fenders.  Figure 
3-1  illustrates  the  general  arrangement  of  the  proposed  fender  system, 
the  side  view  and  the  front  view  of  the  proposed  system  are  shown, 
respectively,  in  figures  3-2  and  3-3. 

As  shown  In  the  figures,  the  wood  pilings  will  be  driven  at  least  10 
feet  into  the  seafloor.  The  upper  end  of  the  pilings  will  be  fastened 
to  the  continuous  horizontal  wales  at  EL.  (+)  lO'-O"  and  EL.  C+)  2'-6" 
measured  from  the  mean  low  water,  respectively.  Chocks  will  be  bolted 
to  the  wales  to  prevent  pilings  from  rolling. 

Two  12  feet  by  12  feet  fender  board,  shown  in  figure  3-1,  will  be 
fastened  to  the  pilings  to  serve  as  reaction  surfaces  to  the  cylindrical 
rubber  fenders. 

Structural  members  of  the  proposed  fender  system  were  arranged  by 
basing  upon  the  material  specification  which  follow: 

(a)  Wooden  Fender  Piles 

•  Class  II  treated  southern  pine  or  douglas  fir 

•  Limiting  flexural  stress  of  the  extreme  fiber  in  tension 
is  at  1,750  psi 

•  A  nominal  12-inch  diameter  wood  piling  will  have  approximately 
18-inch  in  diameter  at  the  end  section  of  the  piling 

(b)  Cylindrical  Rubber  Fender 

•  SEA  CUSHION  4'0X7.4'i.  rubber  fender  or  equivalent 

The  calculations  regarding  to  the  energy  absorption  and  impact  force 
transferring  function  of  the  fender  system  are  compiled  in  Appendix  D.4 
of  this  report.  It  is  noted  that  the  computed  maximum  lateral  reactions 
«t  both  ends  of  the  pilings  are  limited  by  the  flexural  stress  of  the 
extreme  fiber  in  tension.  The  reaction  forces  at  the  lower  end  of  the 
piling  were  used  as  the  base  to  define  the  pile  penetration  requirement. 
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3.2  Pile  Penetration  Requirement 


Main  factors  determining  the  penetration  requirement  of  the  fender  pilings 
are: 


a  pile  end  lateral  reaction  force 

a  seafloor  scouring  around  the  piling 

The  calculated  maximum  reaction  at  the  lower  end  of  the  fender  pile  Is 
approximately  2,200  lbs  per  pile.  According  to  the  design  curve  for 
12"0  pile  under  lateral  loads,  as  shown  in  figure  3-4,  the  required 
penetration  Is  3.5  feet.  The  calculations  of  the  pile  lateral  resistance 
capacity  In  sand  Is  shown  In  the  Appendix  D.5. 

In  the  absence  of  reliable  data  for  determining  the  effect  of  local  scouring 
at  the  POL  pier  site,  a  depth  of  6  to  7  feet  of  scouring  around  the  fender 
pilings  Is  assumed.  The  total  penetration  requirement  of  the  fender 
pilings  Is  at  about  10  feet.  It  Is  noted  that  a  minimum  of  10  feet  pene¬ 
tration  Is  annotated  in  figures  3-2  and  3-3. 

3.3  Pile  Driving  Resistance 

In  order  to  drive  the  pilings  to  grade,  the  fender  pile  driving  resistance 
curve  was  derived  as  shown  In  figure  3-5.  It  Is  noted  that  the  axial 
resistance  of  a  12''0  pile  at  10  foot  penetration  in  sand  will  be  approxi¬ 
mately  25,000  lbs. 

Pile  driving  resistance  computations  are  compiled  in  the  Appendix  D.6. 
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LATERAL  LOAD  RESISTANCE  IN  SAND  (KIPS) 
(12"  0  Nominal  Wooden  Pile) 


Fiqure  3-4  Fender  Pile  Lateral  Load  Reaiatance  in  Sand 
(Data  from  Appendix  D^5) 


CHAPTER  4.  LIMITING  STRENGTH  OF  EXISTING 
POL  LOADING  PLATFORM 


4.1  Introduction 


The  structural  strength  of  the  existing  POL  loading  platform  Is  evaluated 
in  this  section.  In  the  process  of  structural  analysis,  the  platform 
structure  Is  approximated  by  a  series  of  plane  frames  spaced  evenly  along 
th^  longitudinal  axis  of  the  platform.  The  plane  frame  structure  consists 
of  a  horizontal  concrete  T-beam  and  four  steel  pipe  columns.  Two  exterior 
columns  are  vertical  and  two  interior  columns  are  inclined  at  2.5  to  I 
slope  in  an  opposite  direction.  The  four  columns  are  embedded  into  the 
T-beam  stem.  Section  A-A  in  figure  2-5  illustrates  the  beam-to-column 
connection  of  the  plane  frame.  The  four  columns  are  assumed  pinned  at 
the  mud-line.  A  horizontal  load  is  applied  to  the  frame  at  the  concrete 
deck  level. 

4.2  Pile  Cap  Pull-Out  Mechanism 

When  the  horizontal  load  Pj^  is  gradually  applied  to  the  plane  frame, 
the  structure  will  deflect  accordingly  in  the  direction  of  the  applied 
load.  An  exaggerated  deformed  shape  of  the  plane  frame  is  shown  in  figure 
4-la.  Due  to  the  deflections  of  the  two  interior  columns  are  in  the 
opposite  direction,  the  concrete  T-beam  will  be  forced  into  a  double¬ 
curvature  deformation.  As  shown  in  this  figure,  the  critical  condition 
is  at  point  C  (or  C')  where  the  concrete  T-beam  is  under  positive  moment 
and  the  steel  pipe  column  is  under  tension.  The  maximum  pull-out  resistance 
of  the  column  is  36,000  lbs  (see  S  2.3.2).  The  corresponding  strength  of 
the  horizontal  load  P^  is  found  to  be 

Pj^  -  27,000  lbs. 

The  structural  analysis  of  the  plane  frame  failed  by  the  pile  cap  pull¬ 
out  mechanism  is  included  in  Appendix  D.3. 

4.3  T-Beam  Failure  Mechanism 

After  the  pile  cap  has  been  pulled  out,  the  concrete  T-beam  will  transform 
into  a  single  curvature  deformed  shape,  as  shown  in  figure  4-lb.  Under 
such  circumstance,  the  concrete  T-beam  at  point  D  location  will  be  subjected 
to  a  negative  moment.  It  is  noted  that  the  negative  moment  capacity  of  the 
T-beam  is  424.6  ft-kips  as  discussed  previously  in  §2.3.3. 

The  horizontal  force  P2,  limited  by  the  tensile  yielding  of  the  T-beam 
strength  is 


P2  -  39,400  lbs. 

Appendix  D.3  also  compiles  the  structural  analysis  of  this  case. 


4.4  Berthing  Velocity  Limitation 


The  possible  failure  mechanism  of  the  POL  pier  due  to  the  impact  loads 
of  the  berthing  ships  may  be  summarized  as  follows: 

(a)  Fender  System 

•  Fender  pile  bending  failure 

•  Lateral  load  resistance  failure  at  the  lower 
end  of  the  piling 

(b)  Loading  Platform  Structure 

•  Pile  Cap  pull-out  failure 

•  Tensile  yielding  of  the  concrete  T-beam  under 
negative  moment 

In  order  to  prevent  the  above  mentioned  failure  mechanisms  from  occurring  to 
the  POL  pier  structure,  the  limiting  berthing  velocity  of  ships  is  derived. 

The  kinetic  energy  for  ship  to  jetty  or  quay  service  is  calculated  from 
the  following  relationship: 

2g 

where  E  ■  the  kinetic  energy  absorbed  by  the  pier  system 

Cg  ■  berthing  coefficient,  0.5  (see  references  6  and  11) 

V  ■  berthing  velocity 

g  ■  gravitational  acceleration 

W  -  Wa  +  Wb 

Wa  *  added  mass  tonnage 

Wb  -  actual  displacement  tonnage  at  the  time  of  berthing 
operation 

In  most  cases,  the  added  mass  tonnage  can  be  approximated  as  60Z  of  the 
actual  displacement  tonnage,  or 
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Thus,  the  energy  equation  may  be  revnrltten  in  the  form: 

E  -  0.4  Wb  v2/g 
or  V  -  360  ,^E/Wb' 

Where  E  ■  kinetic  energy,  ft-kips 

Wj,*  actual  tonnage,  long-tons 
V  *  berthing  velocity,  ft/min. 

Figure  4-2  is  the  graphical  Illustration  of  the  berthing  velocity  limi¬ 
tations  for  the  POL  pier  at  different  water  levels.  The  calculations  in 
support  of  this  figure  are  compiled  in  Appendices  D.4  and  D.7.  It  is 
noted  that  the  solid  lines  shown  in  figure  4-2  represent  the  limiting 
strengths  of  the  POL  loading  platform  structure  and  fender  system.  A 
factor  of  safety  should  be  imposed  to  the  limitations  for  daily  operation. 
For  example,  the  factor  of  safety  of  1.5  is  Imposed  on  the  ultimate 
strength  curve  at  EL.  (-)  2'-0"  water  level,  the  allowable  berthing 
velocity  for  a  half-loaded  T-5  tanker  (26,000  L.T.)  should  be  10.4  ft/min, 
as  illustrated  in  figure  4-2. 

4.5  POL  Pier  Design  Factors 

Table  4-1  summarizes  the  design  factors  of  the  existing  POL  pier  at 
Lajes  Field,  Azores  and  those  required  by  the  Naval  Facilities  Engineering 
Command  (NAVFACENGCOM) .  It  is  noted  that  the  existing  POL  pier  does  not 
conform  to  the  NAVFAC  design  requirements. 


EXISTING  POL  PIER  NAVFAC  POL  PIER 
FACTOR  DESIGN  CONDITION  DESIGN  REQUIREMENT 
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CHAPTER  5.  ALTERNATIVE  APPROACH  I 

—LOADING  DOLPHIN  SYSTEM 


5. 1  Introduction 

The  main  concept  of  the  loading  dolphin  system  Is  to  construct  three 
lateral  load-resistant  dolphins  to  prevent  the  loading  platform  from 
direct  contact  with  the  berthing  ships.  Figure  5-1  depicts  the  proposed 
system.  It  Is  noted  that  the  system  shown  In  figure  5-1  Is  similar  to 
the  POL  Pier  Modification  originated  by  the  Army  Corps  of  Engineers, 

New  York  District  In  June,  1966  (See  Appendix  B.2).  The  added  dolphin 
(No.  3)  is  for  the  accommodation  of  the  T-5  class  tankers. 

5.2  Loading  Dolphins 

Lateral  load-resistant  dolphins  will  be  subjected  to  Impact  loads  at 
%fater  line  level  Induced  by  the  berthing  ships.  Hence,  the  functions 
of  the  dolphins  will  be  to  resist  the  horizontal  impact  force  and  the 
corresponding  overturning  moment.  Depending  on  the  methods  of  counter¬ 
balancing  the  applied  loads,  the  following  two  types  of  dolphins  may  be 
constructed  In  this  system. 

5.2.1  Friction  Resistance  Type  Dolphins 

Figure  A-3  of  Appendix  C,  Illustrates  the  basic  components  of  the  friction 
resistance  type  dolphins.  Steel  sheet  pilings  will  first  be  driven  to  the 
rock  bed  to  form  a  cofferdam  and  then  filled  with  stones.  A  hun^  fender 
system  above  the  water  level  will  be  attached  to  the  dolphin. 

The  horizontal  load  applied  to  the  dolphin  will  be  resisted  by  the  friction 
force  between  the  sand  surfaces  at  the  cofferdam  base  level.  The  over¬ 
turning  moment  will  be  counter-balanced  by  the  gravity  of  the  backfills. 
Appendix  D.8  compiles  the  calculations  of  the  approximate  size  of  the 
dolphins  for  berthing  T-5  class  tankers. 

5.2.2  Energy  Absorption  Type  Dolphins 


The  energy  absorption  type  dolphins  are  commonly  constructed  of  steel  H-shapes 
or  pipe  piles  to  form  a  space  frame  to  resist  the  lateral  load  and  the  over¬ 
turning  moment.  A  typical  profile  of  the  dolphin  is  shown  In  figure  A. 4  of 
Appendix  C.  As  shown  In  this  figure,  the  vertical  member  will  be  driven 
through  the  sand  layer  to  penetrate  into  the  bed  rock.  The  penetration  Into 
the  bedrock  will  require  drilling  and  grouting  In  the  constuctlon  process. 
Slmlllarly,  an  inclined  member  will  also  be  Installed  to  grade.  These  two 
members  will  then  be  connected  at  the  top  ends  by  means  of  a  special  linking 
mechanism  so  that  the  vertical  member  will  be  subjected  to  bending  only.  A 
completed  dolphin  will  consist  of  at  least  a  pair  of  the  frames  shown  in 
figure  A. 4  of  Appendix  C  and  a  hung  fender  system. 
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CHAPTER  6.  ALTERNATIVE  APPROACH  II 
--SINGLE  BUOY  MOORING  SYSTEM 


6.1  Introduction 

The  single  buoy  mooring  (SBM)  system  was  Introduced  into  offshore 
industries  about  20  years  ago.  The  first  SBM  system  was  designed  for 
35,000  DWT  tankers  moored  at  approximately  100  feet  water  depth.  As 
tanker  sizes  increased  rapidly,  existing  berthing  facilities  proved 
Inadequate.  That  was  the  big  opportunity  for  SBM  to  develop.  Today, 
SBM’s  are  installed  which  can  receive  tankers  up  to  750,000  DWT. 

The  SBM  system,  as  shown  in  figure  6-1,  basically  consists  of  a 
circular  buoy  with  a  diameter  varying  from  30  feet  to  50  feet,  anchored 
to  the  seabed  by  means  of  four,  six  or  eight  chain  legs  and  fixed  to 
the  bottom  either  by  conventional  anchors,  driven  piles  or  drilled- 
in  piles. 

On  top  of  the  buoy,  a  turntable  is  mounted  on  a  roller-bearing  allowing 
a  360  degree  rotation.  This  turntable  Is  fitted  with  pipings,  valves, 
mooring  arm,  floating  hose  connections,  navigation  aids  and,  in  most 
cases,  lifting  equipment. 

The  center  of  the  buoy  body  houses  the  central  swivel  essential  for 
fluid  transfer  between  fixed  and  rotating  parts  of  the  buoy. 

Usually,  the  bottom  connection  to  the  pipe-line  manifold  is  made  by  one 
or  more  hose  strings.  Floats  are  fitted  to  the  underbuoy  hose  strings 
to  obtain  a  smooth  curve  between  pipe-line  end  manifold  and  the  buoy. 

The  tanker  is  moored  to  the  turntable  mooring  arms  by  thick  nylon  ropes. 
Oil  transfer  is  by  way  of  one  or  more  floating  hoses. 

It  has  been  proven  that  large  tankers  have  an  economic  use  superior 
to  that  of  their  smaller  counterparts.  However,  proliferation  of 
large  carriers  was  rendering  many  of  the  world's  traditional  ports 
obsolete.  It  was  also  causing  public  concern  because  of  hazards 
to  port  facilities  and  pollution  risk.  These  unfavorable  factors  may 
be  future  critical  problems  for  the  POL  pier  at  Lajes  Field. 

The  tentative  arrangement  of  the  proposed  SBM  system  at  Lajes  Field 
is  shown  in  figure  6-2.  The  buoy  will  be  anchored  to  the  seabed  at 
approximately  1  to  1  1/2  mile  outside  the  new  breakwater.  A  submarine 
pipe-line  system  will  be  installed  to  connect  the  buoy  and  the  existing 
onshore  piping  system.  The  reason  for  the  submarine  pipeline  to  come 
.onshore  at  the  northern  end  of  the  breakwater  is  to  avoid  the  possible 
conflict  with  future  extension  of  the  breakwater  southward  by  other 
planners. 
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LOADING/OISCHARGING  TANKER 


Figure  6-1  Single  Buoy  Mooring  System 


Figure  6*2  Tentative  Arrangement  of  the  Proposed  SBM  System 


The  proposed  SBM  system  will  possess  the  following  distinct  features: 

•  A  Deep  Water  Terminal 

As  the  tanker  is  moored  to  the  SBM  system,  the  ship  will  have  a  stern 
swing  radius  of  1,500  feet  where  the  water  is  at  least  100  feet  deep. 

The  system  also  provides  a  5,000  foot  radius  of  tanker  maneuvering 
area  at  a  minimum  of  60  feet  water  depth. 

•  A  Safe,  Secure  "Weathervane-Type"  Mooring 

A  tanker  moored  to  an  SBM  terminal  is  secured  with  bow  lines  only  and 
is  free  to  rotate  around  a  360-degree  arc,  like  a  weathervane,  always 
heading  into  the  wind,  sea  and  current.  The  tanker  and  terminal  are  not 
subject  to  the  environmental  forces  and  contact  Imposed  on  a  tanker 
rigidly  secured  to  a  pier, 

•  A  Flexible  Installation 

The  SBM  system  can  be  Installed  at  almost  any  point  off  any  coastline 
or  in  any  navigable  water.  It  can  also  be  relocated  should  the  need 
arise. 


•  Reduces  or  Eliminates  Pilotage  and  Tug  Costs 

Tugs  are  not  required  for  berthing  vessels  to  an  SBM  system.  By 
eliminating  conventional  harbor  entry  and  mooring  arrangements,  tanker 
handling  costs  are  reduced. 

•  Reduces  or  Eliminates  Maintenance  Costs  on  Existing  POL 
Pier 

The  operation  of  the  existing  POL  pier  at  Lajes  Field  will  involve 
continuous  efforts  on  the  maintenance  of  the  fender  system,  complicated 
and  expensive  modifications  of  the  loading  platform  structure,  and 
expensive  dredging  of  large  amounts  of  sediment  Inside  the  harbor. 

By  Installing  the  SBM  system,  the  maintenance  costs  on  the  existing 
POL  pier  will  be  reduced  considerably. 

6.2  SBM  System  Components 

6.2.1  Buoy 

The  buoy  is  the  core  of  the  SBM  system  which  keeps  the  whole  structure 
afloat.  A  field  trip  was  made  by  LT.  Wright  (FPO-1)  to  Investigate 
.fhe  condition  and  availability  of  the  Government  owned  buoy  for 
possible  use  in  the  SBM  system  at  Lajes  Field,  Axores.  The  findings 
are: 
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•  There  are  two  buoys  on  the  west  coast  which  are  part  of  the 
Consolidated  Equipment  Support  Office  (CESO)  Inventory. 

•  One  of  the  buoys  is  made  of  steel  by  J,  Ray  McDermott. 

The  buoy  is  in  excellent  condition  and  currently  located  at 
Port  Hueneme,  California.  Figure  6-3  shows  the  buoy 
stationed  on  shore.  The  buoy  weighs  150  tons.  A  complete 
Inventory  of  chain  and  anchors  is  available. 

•  The  other  buoy  is  also  made  of  A36  steel  by  IMODCO  but  weighs 
approximately  113  tons.  Figure  6-4  shows  the  components  of 
the  buoy.  The  buoy  is  located  in  water  at  Coronado, 
California.  The  buoy  is  in  good  condition  and  can  be  up¬ 
graded  with  new  teflon  bearings  in  the  swivel  connection. 

CESO  indicated  that  this  buoy  is  the  most  eligible  for  turn¬ 
over  to  USAF. 

6.2.2  Anchor  Chains 


The  SBM  terminal  adopts  a  multi-chain  system  to  effect  anchoring  of 
buoy  body.  Normally,  a  four-point  or  a  6-polnt  mooring  has  proved 
stable. 

To  a  great  extent,  the  number  of  chains  determines  a  SBM.  Thus  as  the 
amount  of  chain  Increases,  buoy  size  will  have  to  be  increased  in  order 
to  bear  the  extra  weight.  In  order  to  minimize  wear  which  is  brought 
about  by  wave  action,  the  chains  are  pretensioned  with  a  load  between 
10  and  25  tons. 

The  principle  of  SBM's  anchorage  system  is  based  on  an  equilibrium 
relationship  between  chain  weight  per  unit  length  and  excursion.  More 
specifically,  when  a  mooring  force  is  applied,  the  buoy  will  move  side¬ 
ways,  thus  lifting  a  certain  length  of  chain  off  the  seabed.  When 
weight  of  lifted  chain  is  sufficient  to  balance  the  mooring  force  a  new 
equilibrium  is  found,  and  no  further  excursion  occurs  until  the  load  is 
changed.  In  order  to  prevent  the  chain  from  coming  to  a  fully  tensioned 
position,  causing  shock  loads  and  possible  breakage,  the  chain  length 
should  be  sized  so  that  it  remains  on  the  seafloor  under  the  maximum 
excursion  at  the  maximum  design  load. 

Conventional  anchors,  gravity  anchors,  driven  piles,  and  drilled-in 
piles  all  have  been  used  as  the  chain  anchor  points. 


6.2.3  Submarine  Pipeline  and  Risers 
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[MOCO  Buoy  at  Coronado,  CA 


CHAPTER  7.  SUriMARY  AND  RECOMMENDATIONS 


Sutnmarj 


The  engineering  evaluations  of  the  POL  pier  fender  system  and  loading 
platform  structure  at  Lajes  Field,  Tercelra,  Azores  are  summarized  as 
follows: 

•  A  new  fender  system  Is  needed  to  replace  the  original  fender 
system  which  has  deteriorated  due  to  operational  damage  and 
biological  attack.  A  fixed  wooden  pile  fender  system  with 
cylindrical  rubber  fenders  will  improve  the  energy  and  force 
transferring  function  of  the  POL  pier  system.  However,  a 
new  fender  system  will  contribute  little  to  the  reinforce¬ 
ment  of  the  pier  system  in  accomodating  up  to  40,000  DVJT 
tanker  operation. 

•  Spalling  concrete  around  the  pile  caps  in  the  south  bent 
of  the  loading  platform  were  due  to  the  tensile  force  in 
the  piling  in  excess  of  the  bond  force  between  the  pile 
surface  and  the  concrete.  The  pile  cap  pull-out  mechanism 
represents  the  first  stage  failure  of  the  platform 
structure  subjected  to  a  lateral  load  applied  at  the  concrete 
deck  level.  The  result  of  this  failure  will  not  cause 

the  structure  to  collapse.  However,  the  additional  load 
beyond  the  first  stage  failure  load  will  be  transferred 
to  the  concrete  deck  beam  and  eventually  will  cause  the 
beam  to  fail. 

•  Cracks  in  the  south  bent  concrete  deck  along  the  longitudinal 
axis  of  the  loading  platform  were  caused  by  the  negative 
moment  acting  on  the  effective  T-beam  section  of  the  concrete 
deck  beam  in  the  mid-span  location.  A  continuous  yeilding 

of  the  top  reinforcing  steel  of  the  concrete  deck  is  the 
second  stage  failure  of  the  platform  structure.  The  yield 
strength  of  the  concrete  T-beam  under  negative  moment 
is  the  ultimate  strength  of  the  platform  structure. 

•  Epoxy  or  cement  grouting  of  the  concrete  spalling  and 
cracks  will  not  increase  or  reinforce  the  strength  of  the 
existing  platform  structure.  However,  the  grouting  will 
prevent  the  deck  reinforcing  bars  and  pile  cap  steel  sur¬ 
faces  from  environmental  corrosion. 


The  existing  platform  structure  does  not  possess  sufficient 
lateral  load  resistance  capacities  for  tankers  In  the 
40,000  DWT  size  to  operate  under  normal  berthing  conditions. 
To  increase  the  structural  strength  of  the  loading  platform, 
the  attention  shall  be  in  the  preventatlon  of  the  pile  cap 
pull-out  mechanism  and  the  reinforcement  of  the  effective 
T-beam  section  of  the  concrete  deck. 


•  One  of  the  alternatives  to  a  structural  modification  of 
the  pier  is  the  construction  of  three  dolphins  to  divert 
the  ship  berthing  energy  and  force  from  the  loading  plat¬ 
form,  This  approach  appears  to  require  less  initial  capital 
Investment.  However,  the  maintenance  of  a  ship  approaching 
channel  and  the  turning  radius  inside  the  harbor  will  be 
continuous  expensive  operation. 

•  The  Single  Buoy  Mooring  (SBM)  system  approach  is  another 
alternative.  The  SBM  system  will  require  the  Installation 
of  an  off-loading  buoy  and  submarine  pipe  line  outside 
the  breakwater.  The  systems  requires  a  relatively  high 
initial  capital  investment.  However,  the  convenience  of 
tanker  off-loading,  accommodation  of  tankers  up  to  200,000  DWT 
sizes,  and  near  trouble  free  maintenance  of  the  system  may 
have  a  long  range  benefit  as  compared  with  the  others. 

7.2  Recommendations 

The  recommendations  for  the  future  work  on  the  POL  pier  system  are: 

Ca)  Fender  System 

•  Design  a  new  fender  system  to  accomodate  T-2  class  tankers 
or  C-2  class  cargo  vessels. 

(b)  Platform  Structure 

•  Repair  spalling  concrete  and  tension  cracks  with  epoxy 
or  cement  grouting. 

•  Conduct  a  feasibility  study  to  consider  the  operational 
and  economical  aspects  of  the  POL  system  for  tankers  up 
to  40,000  DWT  size  and  possibly  up  to  200,000  DWT  sizes. 

The  study  shall  include,  but  not  be  limited  to,  the 
following  approaches: 

— reinforcing  the  existing  platform  structure 
— constructing  a  loading  dolphin  system 
— Installing  a  SBM  system 
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APPENDIX  A 

Project  Correspondence 


This  section  contains  three  messages: 

•  Request  of  Assistance  on  the  Structural  Evaluation 
of  the  POL  Pier  (HQ  MAC  Scott  AFB  IL/DEM  132030Z  Jan  78) 

•  Tasking  Statement  from  MAC  HQ 


•  Funding  Information  (1605  ABW  Lajes  FLD  AE  251430E 


Jan  78) 
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R1  K9  MAC  SCOTT;  AFa  IL/DEM 
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i^’CLAS: 

SBJ:  STRUCTURAL  INVESTIGATION  OF  POL  PIER,  LAJES  FID  . 

U  REF  12  JAN  78  TELZOON  BETjJEEN  YOUR  Q-iDR  ERCHUL  A^D  OIR  MR. 
VEISSERT  IN  VHIQl  WE  DESCRIBED  VARIOUS  STRUCTURAL  PR03LEJ13  CUR¬ 
RENTLY  BEItC  EXPERIEl^  AT  LAJES  FID.  SPECIFICALLY,  THE  PR03LB1 
INVOLVES  STRUCTURAL  DEFICIENCIES  AN)  DAMAGE  TO  THE  POL  PIER  IDCATED  ' 
IN  PRAIA  HARBOR.  THE  OONCRETE  DECK  AN)  STRUCTURAL  CONCRETE  ARE 
EPALUN3.  THE  FENDER  SYSTEM  INCLUDES  VERTICAL  WOOD  PIUIGS  ffiJACENT 
TO  THE  CONCRETE  PIER  WHICH  ARE  CONrI^U.ALLY  SUBJECTED  TO  DAMAGE. 

2.  WE  UNDERSTAM)  YOU  HAVE  PERSONNEL  WITH  MARINE  STRUCTIRAL 
ENSINEERINS  EXPERTISE  A^5)  ARE  WIILINS  TO  PROVIDE  US  WITH  TEQiNICAL 
ASSISTANCE  ON  AN  Ii5')£QlATE  BASIS.  ACCORDIIGLY,  REQUEST  DIE 
FDLLOWIN3: 


V  '..vj 
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PAGE  02  RUCIMAA5551  UNCLAS 

A.‘  AN  ON-SITE  VISIT  BY  A  WARlte  STRUCTURAL  ENSItEER, 

B.  A  TECHNICAL  B/ALUATION  AND  ANALYSIS  OF  THE  EXlSTItB  SHU-  . 
ATION. 

C.  A  REPORT  OF  REOlMMENDAnONS  SHOdlffi  WHAT  STRUCTURAL 
V  iODinCAnONS  must  be  made  TO  THE  PIER  IN  ORDER  TO  ACCDUMCDATE 

POL  AN3  CARGO  SHIPS  OF  THE  43,220  TON  SIZE. 

3.  REQUEST  THE  ABOVE  TECHNICAL  ASSISTANCE  BE  PROVIDED  AT  THE 
EARUEST  POSSIBLE  TIME.  ASSIMIN3  YOU  C.AN  FULHLL  THE  REQUESTS 
CONTAINED  IN  PARA  2  ABOVET,  VE  Wia  MAKE  ARRANGEMECTS  TO  HAVE  OUR 
MR.  WEISStRT  CAUTO  638-3067/2742)  MEET  WITH  YOUR  REPRESENTATIVE 
OI  SITE.  YOU  SHOULD  HAKE  ALL  TO  A^D  FROM  TRANSPORTATION  AR.RA^GE- 
MENI3  FOR  YOUR  REPRESEITATIVE.  AREA  aEARANCE  SHOULD  BE  OBTAliS) 

LAW  USAF  FOREIGN  CLEARANCE  GUIDE.  ON  EASE  V03  ACCOMMODATION'S  ARE 
AVAILABLE. 

4,  IT  IS  OUR  UNDERSTAND! IG  THAT  CH.ARGES  FOR  THL  ^BOVE  REQUESTED- 
ffiRVICE  FOR  A  PERIOD  OF  UP  TO  TWO  WEEKS  WILL  BE  ON  A  REITIBURSABLE 
BASIS  AND  WILL  MIT  EXCEED  $5,220.  ACOORQIi'GLY,  IKE 

1625  A3W  AT  LAJES  WILL  -ISSUE  A  MIUTARY  I MTERDEPARTMENTAL  PLRCH.A3E 
REQUEST  CMIPR)  IN  THIS’ AMOUNT  WHEN  PLAJG  ARE  FIRM. 

.FO.R  1605:  WE  WILL  FURNISH  THESE  FU^DS  TO  YOUR  H33. 

BT  1320302  JAM  78  DO 
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department  of  the  air  force 

HKaOQUARTERS  160Stfc  AIR  BASE  RING  (MAC) 
APO  NEW  YORK  09406 


i*r^»  TO  __ 

ATrK  i-r  Dt. 

»j»  icT  Praia  Port  POL  Pier 


TO  H\C/DE 

1.  Construction  of  the  Praia  port  POL  pier  was  completed  In  early  1963. 

The  pier  was  constructed  to  accosaodate  a  T>2  tanker  (length  >  524  ft., 
displacement  21,800  tons)  Moored  with  a  65  sph  wind  acting  on  the  tanker 
and  berthing  with  a  normal  component  of  approach  velocity  of  15  fpa.  Due 
to  a  general  increase  in  the  size  of  current  ships,  ships  as  large  as 
A0143  class  tankers  (length  -  656  ft,  displacement  38,000  tons)  are  now 
csinf  the  port.  (Note:  Other  ship  specifications  also  relate  to  the  tffect 
on  the  pier  by  the  ship.  Length  and  displacement  tonnage  have  been  shown 
cnly  for  comparison.)  The  pier  has  deteriorated  since  its  original  con¬ 
struction  thus  reducing  the  structural  capacity  of  the  pier  by  an  undetemined 
amount.  The  harbor  area  is  relatively  exposed,  also  the  actual  impact 
berthing  velocity  is  suspected  to  be  considerably  greater  than  15  tpm 

due  to  exposure  conditions  and  operational  limitations.  Thus,  due  to  the 
iiicrease  in  ship  size,  deterioration  of  the  pier,  exposed  location,  and 
possible  higher  berthing  velocities,  the  pier's  capability  to  meet  oper¬ 
ational  requirements  is  subject  to  questiim. 

2.  Deterioration  of  the  pier  includes  general  biological  attack  and 
operational  darage  to  the  protective  fender  systea  and  operational  damage, 
corrosion  and  patterned  deterioration  of  the  pier  structure  itself. 

a.  Deterioration  of  the  fender  system  is  due  to  biological  attack 
of  the  tiuber  piles  and  berthing  and  mooring  operations  causing  impact 
loading,  cyclic  loading,  and  friction  on  the  timber  members.  Vithin  a 
short  time  after  original  construction,  such  damages  necessitated  repairs 
which  resulted  in  reconfiguration  of  the  entire  timber  portion  of  the  fen¬ 
der  system.  The  fender  system  originally  consisted  of  vertical  timber 
piles,  rigidly  connected  by  horizontal  chocks  and  whales  with  rubber  blocks 
between  the  timber  members  and  the  concrete  deck  of  the  pier.  To  facilitate 
repairs  in  limited  periods  of  time  and  during  adverse  weather  conditions, 
the  horizontal  chocks  and  whales  were  supplemented  and  eventually  replaced 
b>  continuous  timber  poles  on  both  sides  of  the  replacement  vertical  piles 
with  cable  connecting  the  timber  members*  This  reconfiguration  has, not 
significantly  reduced  the  energy  absorption  capacity  of  the  fender  system 
since  the  timber  members  absorb  an  insignificant  amount  of  energy  relative 
to  the  energy  absorption  of  the  rubber  blocks.  However,  the  fender  system 
in  its  present  configuration  is  more  susceptable  to  damage  from  oscillatory 
motions  of  a  moored  ship.  Such  damage  consists  of  the  vertical  timber 
piles  working  out  of  the  harbor  bottom,  saving  of  the  timber  members  by  the 
cables,  and  splintering  of  the  timber  members  near  their  ends  due  to  com¬ 
pression  and  torsion.  This  damage  increases  maintenance  and  repair. 
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b.  Deterioration  of  the  pier  structure  consists  of:  Maited  corrosion 
of  the  steel  piles  which  support  the  pier,  structural  cracks  in  the  concrete 
deck  and  concrete  beaas  which  have  resulted  froa  at  least  one  najor  accidental 
ship  ispact,  corrosion  of  reinforcing  in  the  concrete  deck  and  concrete  beans 
due  to  the  cracks  and  narine  atmosphere,  and  patterned  spawling  of  the  concrete 
around  the  ship-side  center  pile  of  each  bent  in  the  south  section  of  the 
loading  platform.  Each  component  of  this  deterioration  may  have  reduced  the 
capability  of  the  pier  to  withstand  loads  imposed  by  berthing  or  moored  ships. 
Additionally,  the  patterned  spawling  indicates  a  possible  over-stressing  of 
the  pier,  which  in  view  of  the  increased  size  of  ships  utilizing  the  pier,  is 
highly  probable. 

3.  Repair  of  the  fender  system  has  become  a  continuous  operation.  Fifteen 
to  forty  timber  piles  are  used  each  year  depending  on  weather  conditions  and 
harbor  operations.  Forty  new  timber  piles  arrived  at  Praia  Harbor  on  28  Nov  77. 
Tn'^sc  are  being  used  to  replace  significantly  rotted  and  damaged  timber 
members.  Approximately  2S  of  the  piles  are  needed  mow  and  th#  remainder  will 

be  used  as  required.  Each  pile  costs  $650.00.  An  average  of  1250  KH  per  year 
has  been  expended  each  year  for  the  past  three  years.  This  equates  to  the 
equivalent  of  a  complete  fender  system  (timber  portion)  replacement  on  an 
average  of  every  three  years. 

4.  Repair  and  maintenance  to  the  pier  structure  now  underway  consists  of 
A2  77-0080,  Corrosion  Control  POL  Pier;  AZ  77-0079,  Replace  Floodlights  amd 
H.'.r.drails  POL  Pier;  and  AZ  76-0031,  Install  Anode  Reds.  Projects  AZ  76-0031 
and  AZ  77-0079  will  prevent  corrosion  of  the  supporting  steel  piles  which 
will  prevent  further  structural  deterioration  of  the  steel  piles. 

5.  Hy  engineering  staff  has  been  tasked  to  study  the  possibility  of  Install¬ 
ing  a  new  fender  system  which  will  reduce  maintenance  and  increase  the  energy 
absorption  capacity  of  the  fender  system  to  a  level  comoensurate  with  present 
operations.  However,  an  extensive  structural  analysis  of  the  pier  is  required 
to  determine  the  capacity  of  the  pier  structure.  I  question  wliether  the  pier 
structure  has  the  capability  to  meet  present  operational  requirements  even 
with  a  new,  improved  fender  system.  This  evaluation  Is  required  immediately 
due  to  extremely  high  maintenance  costs,  the  impact  on  Civil  Engineering, 

and  the  possibility  of  major  damage  occurring  to  the  pier  structure  or  to 
ships.  The  pier  is  critical  to  the  U.  S.  Forces,  Azores  operations. 

6.  Additionally,  as  a  matter  of  information,  the  Portuguese  Government  is 
planning  extensive  construction  in  the  Praia  Harbor  area,  including  the 
possibility  during  a  second  phase  of  construction  of  extending  the  pier. 

Plans  indicate  initial  construction  will  begin  in  late  1978,  although  we 
have  nothing  that  would  suggest  that  this  date  would  bo  met. 

7.  For  the  present,  we  are  requesting  your  support  in  obtaining  ongineering 
assistance  to  evaluate  the  structural  capacity  of  the  Praia  Port  POL  Pier, 
'inclusive  of  Its  fender  system.  The  evaluation  will  require  expertise  in 
marine  structural  engineering. 


8.  Hie  attached  photographs,  narrative  of  the  photographs,  and  drawing 
of  the  pier  further  describe  the  existing  conditions. 


RICHARD  T.  DRURY,  Brig  Gen,  USAF 
CoBoander 
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1.  Narrative  of  Photographs 

2.  Photographs  (24  ea) 

3.  Drawing  88>01-03, 
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NARRATIVE  OP  PHOTOGRAPHS 


DESCRIPTION  OF  PHOTOGRAPHS  BY  PHOTOGRAPH  NUMBER 


1.  Cracks  in  concrate  deck  at  south  end  of  loading  platfon.  Cracks 
appeared  after  ship  iapact  in  1972,  and  were  surface  epoxy  grouted 
afterwards.  Cracks  extend  through  deck  (See  photos  4, 6, 8, 9  8  10). 

2.  Cracks  in  south  end  face  of  loading  platfoia.  (Point  of  ship  iapact 
described  in  photo  #1.)  Note:  Rust  and  salts  leaching  froa  cracks. 

5.  Spalled  concrete  around  ship-side  center  pile  in  bent  #1. 

4.  Cracking  in  concrete  deck,  between  bents  182  and  in  beaa  of  bent  fS. 

5.  Spalled  concrete  around  ship-side  center  pile  in  bent  #2. 

6.  Spalled  concrete  around  ship-side  center  pile  in  bent  fS,  and  cracking 
in  deck  between  bents  283  and  in  beaa  of  bent  #3.  Note:  Extensive  rust 
and  salts  leaching  froa  cracks,  and  difference  in  condition  of  concrete  at 
piles. 

7.  Spalled  concrete  around  ship-side  center  pile  in  bent  #3.  Liaited 
corrosion  of  steel  pile. 

8.  Spalled  concrete  around  ship-side  center  pile  and  crack  in  beaa  of 
bent  #4.  Note:  Difference  in  condition  of  concrete  at  piles  and  rust 
and  salts  leaching  froa  crack. 

9.  Spalled  concrete  around  ship-side  c<mter  pile  of  bent  #4  and  cracking 
in  deck  between  bents  4  8  S  and  in  beaa  of  bent  #4.  Mote:  Rust  and  salt 
leaching  from  cracks. 

10.  Cracking  in  bottoa  side  of  concrete  deck  between  bents  4  I  S.  Note: 
Rust  and  salt  leaching  froa  cracks. 

11.  Spalled  concrete  around  ship-side  center  pile  of  bent  tS.  Note: 
Sections  of  concrete  ready  to  fall. 

12.  Spalled  concrete  around  ship-side  center  pile  of  beat  85.  Rote: 

Section  of  concrete  ready  to  fall. 

13.  Typical  bent  in  center  section  of  loading  platform  is  in  good  condition. 

14.  Bents  in  north  section  of  loading  platfon  are  in  good  condition. 

15.  Linlted  corrosion  of  typical  steel  pile. 

18.  Deteriorated  protective  timber  pile  cluster  at  north  end  of  loading 
platform.  Note:  Deterioration  at  water  line.  (Also  note:  Arrangenent 
of  steel  piles  as  reference  for  photos  1  through  14.) 


17.  S«Be  as  photo  #16  •  closer  viev. 

18.  Deteriorated  protective  timber  pile  cluster  at  south  end  of  loading 
platform.  Note:  Deterioration  at  water  line.  (Also  note:  Cracking  and 
spalling  of  concrete  described  in  photos  2  I  S  and  arrangement  of  steel 
piles  as  reference  for  photos  1  thorugh  14.) 

19.  Same  as  photo  #18  -  closer  view. 

20.  Present  configuration  of  fender  system  along  loading  platform. 

21.  Sane  as  photo  #20  •  side  view.  Note:  Cable  used  for  connecting 
timber  members. 

22.  Deteriorated  and  disconnected  fender  tie  back  chains  used  In  original 
configuration  of  fender  system. 

25.  Sawing  of  horizontal  timber  member  by  cable  movement  and  splintered 
ends  of  vertical  piles. 

24.  Penders  on  south  mooring  dolphin.  Note:  Closest  face  of  mooring 
dolphin  is  still  protected  with  original  construction  fender  system  (this 
is  tho  only  remaining  portion  of  the  original  fender  system). 
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KOTTES  ON  PHOTOGRAPHS  t 


1.  Spalling  of  concrete  aroijnd  piles  exists  at  every  ship-side  center 
pile  of  each  bent  in  the  south  section  of  the  loading  platfom.  (These 
piles  act  in  tension  during  applied  ship  forces.) 

2.  Spalling  of  the  concrete  is  non-existant  in  the  center  section,  which 
does  not  receive  forces  from  ships,  and  in  the  north  section. 

3.  The  large  section  of  concrete  dislodged  at  the  ship-side  center  pile 
of  bent  *5  (See  photos  11  4  12)  indicates  spalling  is  not  occuring  due 

to  weathering  or  poor  quality  concrete  but  rather  due  to  excessive  struc¬ 
tural  movements.  Also,  spalling  has  not  occurred  anywhere  else  on  the 
pier. 

4.  The  cracking,  running  generally  parallel  to  the  longitudinal  axis 
of  the  loading  platfom  which  resulted  from  the  ship  impact  in  1972, 
coincides  with  the  center  piles  which  have  not  experienced  spalling 
of  the  surrounding  concrete  (See  photos  4, 6, 8, 9  t  10).  This  indicates 
the  ship  impact  of  1972,  negligibly  affected  the  spalling  of  the  concrete 
around  the  ship-side  center  piles  of  bents  1  through  S. 
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POL  Pier- Miscellaneous  Details 


CES  of  the  Lajes  Field  supplied  the  following 
drawing  relative  to  the  POL  Pier  modification: 

U.S.Army  Engineer  District,  New  York 
Corps  of  Engineers 
New  York  3,  N.Y. 

30  June  1966 
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Proposed  Modification  to  POL  Pier 


APPENDIX  C 


Field  Investigation  Briefing 


The  notes  documented  herein  are  those  presented  to 
the  officers  at  the  command  level  in  the  Lajes  Field  on 
3  February  1978. 


POL  Pier  Field  Investigation  Briefing 
Place :  Lajes  Field 
Time:  0900  (Local  Time) 

Date:  3  Feb  1978 
Attendant: 

Base  Vice  Commander  Col.  Bobby  Massingill  (AF) 
Head  Engineering  &  Design  Lt.  Col.  Larry  England 
Deputy  Lt.  Col.  AI  Meyers 

Lt.  Scott  Fehseke 


TTU  Commander 
Deputy 


J-4 


Lt.  Col.  John  Teller  (Army) 

Lt.  Col.  Walls 

V  ‘  ^ 


Lt.  Col.  Bentley 
LCDR  .Allen  Hill  (Navy) 


LG 


Lt.  Col.  Rodenheiser 


MAC  HQ 


Les  Weissert 


FPO-1 


LT.  James  Wright 
C.  Chern 


LAJES  FIELD 


POL  PIER  INVESTIGATI(»J 


Ocean  Engineering  §  Construction  Project  Office 
Chesapeake  Division 
Naval  Facilities  Engineering  Command 
Washington,  D.C.  20374 


2  February  1978 


SUMMARY 


31  JAN  1978:  lAW  HQ  MAC  SCOTT  AFB  132030Z  JAN  78,  Chesapeake  Division 


personnel  (Dr.  C.  Chem,  LT  J.C.  Wright,  CEC,  USN)  were 
briefed  by  CES  and  completed  a  surface  inspection  of  the 
damaged  POL  pier.  Completed  photo  documentation. 

1  FEB  1978:  Diving  inspection  of  pilings  completed  on  total  length  of 

pier  system.  Photo  documentation  completed  on  underside 
structural  damages, 

2  FEB  1978:  Results  of  investigation  analysed. 


DIVE  RESULTS 


Time:  1030 
Visibility:  20  feet 
Air  Temp:  65°  F 


Date:  1  FEB  1978 
Average  Bottom  Depth: 
Water  Temp:  55°  F 


45  feet 


Bottom  Condition:  Fine  Sand;  very  little  silt 


Remarks:  Very  minor  corrosion  and  marine  growth  on  steel  piles;  overall 
condition  of  steel  piles  are  excellent;  bottom  condition 
exhibits  spread  of  debris,  e.g.  wire  rope,  broken  timber  piles  near 
pier;  old  fender  system  is  horizontally  lodged  among  new  timber  piles. 


PROBLEM  STATEMEm’ 


Concrete  pile  cap  on  many  interior  steel  piles  has  brokai  away 
due  to  horizontal  loads  applied  in  excess  of  design  loads. 


Wood  pile  fendering  system  is  easily  damaged  and  conponents  are 
being  replaced  at  highly  uneconomical  frequencies. 


RECOMENDATIOJS 


NOTE;  A  conplete  report  including  detailed  options  and  costs  will  be 

forwarded  within  60  days.  The  following  analysis  and  reccmmenda- 
tions  are  provided  for  the  interim. 


FENDER  SYSTEM 


The  present  fendering  system  when  repaired,  is  adequate  for  small  boats 
such  as  an  LCM  at  most  wave  conditions  or  larger  ships  only  during  very 
calm  wind  and  wave  conditions.  The  pier  itself  has  not  been  designed  for 
high  impact  loads  and  an  improved  fender  system  will  not  alter  pier 
deficiencies. 

P^EDIATE  Repair  Recommendations: 

•  Utilize  inproved  pile  driving  methods  to  insure  that  the  base  of 
the  pile  is  stationary. 

•  Cut  pile  points  for  less  driving  resistance. 

•  Reduce  vertical  friction  force  by  any  of  the  following: 

1)  Hemove  outer  wale  and  grease  vertical  members. 

2)  Remove  outer  wale  and  attach  galvanized  sheet  metal  to 
vertical  members. 

3)  As  shown  in  attachment  (1),  utilize  cylindrical  rubber 
fender  on  timber  facia.  NOTE:  Size  of  facia  timber 
correlated  to  pile  spacing. 

4)  As  per  diving  inspection,  removal  of  broken  piles  and 
submerged  horizontal  fender  is  highly  recommended. 

Conclusion: 

Fender  Systems  protect  both  ship  and  pier  from  minor  in^jact  damage  and 
heaving  abrasion  damage.  Therefore,  since  a  fender  is  not  utilized  to 
resist  high  ijipact  loads  and  must  accept  vertical  friction  loads,  the 
removal  of  the  outer  wale  is  necessary.  A  fender  system  will  be  rec- 
omnended  only  after  the  pier  has  been  protected  fixrni  high  impact  loadings. 


PIER  MODIFICATIONS 


Attachment  (2)  -  Docking  for  T-2  and  T-5  Class  Tankers 

•  Existing  pier  utilized  for  small  craft  only. 

•  Construction  of  two  or  three  dolphins  for  use  vdien  docking 
T'2  class  or  T-5  class  tankers. 

•  Dolphins  provide  protection  to  the  pier  from  any  direct 
horizontal  loads.  Typical  dolphin  systems  are  shown  in 
attachments  (3)  and  (4) . 

•  Construction  of  dolphins  would  make  the  pier  inaccessible  for  POL  or 
cargo  transfer  for  an  estimated  30  to  60  days.  Therefore,  a  temporary 
suh^rine  pipeline  can  be  constructed  as  shown  in  Attachment  (5)  for 
POL  transfer. 

•  Some  dredging  may  be  required. 


Attachment  (6)  -  POL  Transfer  Utilizing  SEM  System 

•  Single  Buoy  Mooring  (SH4)  system  is  alternative  to  dolphin 
construction. 

•  POL  transfer  from  tankers  up  to  200,000  DWT. 

•  Cost  of  new  SBM  system  is  estimated  at  $10  million. 

•  Existing  POL  pier  utilized  for  small  draft  only. 


NOTE:  A  third  option  consists  of  strengthing  the  existing  POL  pier  to 
resist  heavy  inpact  loads.  Costs  would  include  structural  modifications, 
heavy  fendering  system  and  dredging.  This  is  not  a  reccmmended  approach 
at  this  time. 


m- 


3y5TgM 


ATTAtfrfM 


ArrAC^^Me 


APPENDIX  D 


POL  Pier  Structural  Evaluation 

Th  is  section  compiles  the  engineering  calculations  on 
the  structural  components  related  to  the  ultimate  strength  of 
]^he  existing  pier  structure  and  the  operating  limitations  of  the 
proposed  new  fender  system. 


D.  1  Pile  Cap  Pull-Out  Strength 


In  the  absence  of  reliable  data  on  the  bond  stress  between 
the  pile  surface  and  the  concrete  cap,  the  allowable  stress  of 
20  psi  from  reference  4  is  used  to  compute  the  pile  allowable 
pull-out  force.  The  ultimate  pull-out  force  is  then  obtained  by 
multiplying  a  factor  of  safety  of  2.0  to  the  allowable  pull-out 
force.  It  is  noted  that  the  factor  of  safety  of  2.0  is  selected 
by  common  practice  under  such  circumstance  (Ref. 4). 
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The  ultimate  pull-out  strength  of  the  16"  0  steel  pipe  pile 
in  sand  is  computed  in  this  section.  In  the  computations,  it  is 
.assumed  that  the  pile  pull-out  resistance  is  contributed  solely 
from  the  friction  between  the  pile  embeded  surface  and  the 
neighboring  sand . 

Clean  sand  characteristics  are  used  in  the  computations. 
Pile  penetration  is  40  feet  below  mud-line. 
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D .  3  POL  Pier  Structural  Strength 


The  structural  component  failures  and  the  corresponding 
lateral  load  resisting  capacities  of  the  pier  are  evaluated  in 
.this  section.  The  possible  structural  component  failures  are: 
m  pile  cap  pull-out 
s  pile  foundation  pull-out 

•  concrete  frame  beam  failure  by  tension  yielding. 

The  lateral  load  causing  the  pile  cap  pull-out  is  found 
to  be  the  lowest  failure  load  of  the  pier  structure  (27  kips 
per  loading  frame).  Subsequent  increase  in  the  lateral  load 
application  will  cause  the  concrete  frame  beam  to  fail  at  the 
mid-span  location  by  tension  yielding  of  the  top  surface 
reinforcing  bars.  The  ultimate  lateral  load  resistance  per 
frame  is  approximately  at  39  kips. 
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D.4  Berthing  Energy  and  Transferred  Force 

The  computations  herein  are  pe  rformed  on  the  assumption 
that  the  4'  0  x  7.4'  JLSEA  CUSHION  Marine  Fender  will 
be  used  in  the  proposed  new  fender  system.  It  is  es'^imated 
that  four  4'  0  x  7.4' X  SEA  CUSHION  shall  be  used  in 
the  system 

The  absorbed  berthing  energies  and  the  corresponding 
transferred  forces  are  computed,  respectively,  for  the  water 
levels  at  EL.(-)3'-0",  (-)2'-0",  (-)l'-O",  (  +  )0'-0"  MLW, 

(  +  )l'-0",  (  +  )2'~0"  and  (  +  )3'-0". 

The  allowable  berthing  force  and  energy  are  limited  by 
the  strength  of  either  the  fender  piles  or  the  pier  frame 
structure.  The  criteria  for  the  fender  pile  strength  are: 

•  Class  II  treated  southern  pine  or  douglas  fir 
m  limiting  flexural  stress  of  the  extreme  fiber 
is  at  1,750  psi 

m  the  pile  cross  section  at  loading  point  will  have  at 
least  18"  in  diameter. 

The  pier  structural  strength  is  used  later  in  SD.7. 
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Driving  resistance  of  the  12"  0  nominal  fender  pile  is 
assumed  to  be  the  sum  of  the  pile  skin  friction  and  the  end 
point  bearing  capacities . 


The  results  are  used  to  estimate  the  pile  driver  (hammer) 


requirements . 
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The  berthing  velocity  perpendicular  to  the  pier  is  limited 
by  the  berthing  energy  and  transferred  force  computed  previously 
in  the  Appendix  D.4.  An  additional  constraint  of  the  pier  loading 
frame  strength  is  then  imposed  at  the  upper  limit  of  the  berthing 
velocity , 

The  berthing  velocity  is  evaluated  for  various  sizes  of 
tankers.  The  tonnage  described  in  this  section  refers  to  the 
actual  tonnage  of  the  tanker  at  the  time  of  beKhing  operation. 
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Overall  dimensions  of  the  friction  resistance  type  dolphins 
are  evaluated  herein.  The  parameters  used  in  the  calculations 


•  T-5  tanker  at  40,000  DWT 

•  Tanker  approaching  velocity  perpendicular  to  the  dolphin 
@  24  ft/min. 

•  Dolphin  will  have 

88  sheet  piles  type  S32  (MP  102) 


Diameter 
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Height 


90'-0"  with  40'-0"  penetration  in  sand 


Rockfill  @  150  j^^/cu.fl  (air  weight)  above  mud-line 
Sand  @  120  #/cu.ft  (air  weight) 

•  Hung  Fender  System 
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The  results  of  the  evaluation  are: 

•  Factor  of  safety  against  sliding  “  5.0 

•  Factor  of  safety  against  overturning  *  2.6 
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